ABSTRACT
Introduction
Diabetes mellitus (DM) represents one of the greatest threats to health worldwide. The growing incidence of DM will inevitably result in an increased prevalence in men of reproductive age 1 . Male infertility is a common complication of diabetes. The most frequent effects of DM on the male reproductive system include decreased levels of testosterone, lower testicular weight, abnormal spermatogenesis, alterations in sperm count and motility, and histopathological changes in testis tissue components [2] [3] [4] [5] . Abnormalities in spermatogenesis due to increased apoptosis have been demonstrated in certain studies 2, 3, [6] [7] [8] [9] [10] . Testicular apoptosis may be the major component of the infertility.
Infertilityin young men with type 1 or type 2 diabetes is showing a dramatic increase in recent years.
The nuclear matrix protein known as proliferating cell nuclear antigen (PCNA) is an indicator for DNA synthesis with its maximal release in the S and G2 phases of the cellular cycle; it cannot be detected in the G0 phase. PCNA immunoreactivity should be assessed to understand the effects of DM on spermatogenesis and proliferation 11 . and other extrinsic mitogenic signals. JNK and p38 MAPK are identified as "stress activated kinases" that are generally related to inflammation and apoptosis 12 . They participate in the apoptotic signal transduction as a response to various factors, including inflammatory cytokines, ultraviolet lights, radiation, heat, hydrogen peroxide, and osmotic shock 13 .
Mitogen-activated protein kinases (MAPK'
This study compared the immunoreactivities of ERK and JNK to evaluate the effects of DM on male germinal cells.
Methods
After the experimental procedures were approved by .
Immunohistochemistry
Formaldehyde-fixed, paraffin-embedded tissues were cut into 5μm sections. Slides were deparaffinized, rehydrated in a graded series of ethanol, and then boiled in citrate buffer (10mM; Total (t)/phospho (p)-ERK and t/p-JNK were semiquantitatively evaluated using a histological score (HSCORE) value, average score was used for statistical analysis, described previosuly 12 .
Statistical analysis S0064 Minitab Release 13 programme (License Number:
WCP1331.00197) of Trakya University, Faculty of Medicine,
Center of Information Technologies has been used for statistical
analysis and values were stated as median ± standard deviation (SD). P values less than 0.005 were regarded as significant. Blood glucose levels (first, seventh and the last day), initial and final body weights, testis weights and the measurements of mean seminifer tubule diameters (MSTD) using with ocular micrometer in both groups were compared with Mann-Whitney U test.
The immunoreactivity data obtained by HSCORE method and PCNA index were analyzed by Mann-Whitney U test
and p values less than 0.005 were regarded as significant while the differences between both groups were compared with Wilcoxon test.The differences of the immunoreactivity data in terms of total and phospho were compared as two dependent variables.
Results
In our study, blood glucoselevels were measured two days after the STZ administration and values over 250 mg/ dl were accepted as diabetes. Blood glucose levels after STZ administration were significantly higher in the diabetes group than in controls (>250 mg/dl; p=0.001; Table 1 ).
At the beginning of the study, rats with higher body weights were placed in the diabetes group, although the body weights of the diabetes group were observed to decrease notably more than controls before they were sacrificed (p=0.001; Table 1 ).
Additionally, the weights of both testes were observed to decrease more in the diabetes group than the control group (p=0.001; Table 1 ). 
Immunohistochemical findings
Testicular injury and spermatogenesis were evaluated histopathologically using H&E slides ( Figure 1A and 1C ). When we compared findings for the two groups, the diabetes group's testis sections reflected all expected findings such as decrease in MSTD, vacuolization, and degeneration in spermatogenetic series cells.
In diabetic rats, atrophy of the seminiferous tubules with varying degrees of spermatogenetic arrest was also observed ( Figure 1C ).
Counting spermatogenic cells for each group revealed that PCNA-positive cells were detected at a higher level in the control group ( Figure 1B) . The number of PCNA-positive cells was lower in the diabetic group ( Figure 1D ). The PCNA indexwas significantly decreased in the diabetes group compared with the control group (p=0.004, Table 2 ; Figure 1D and 1B, respectively).
Regarding t-ERK immunoreactivity, the values were significantly lower in the diabetes group than in controls (p=0.004, Table2; Figure 2B and 2A, respectively), while the decrease in p-ERK immunoreactivity was even more significant between the control and diabetes groups (p<0.001, Table 2 ; Figure 2C and 2D, respectively).
While p-JNK immunoreactivity was higher in the diabetes group than in controls (p=0.002, 
FIGURE 2 -Immunoreactivities in control and diabetic group for t/p-ERK and t/p-JNK. t-ERK and p-ERK immunoreactivity was both cytoplasmic and nuclear, with a higher intensity in control (A and C, respectively) compared to diabetic group (B and D, respectively). t-JNK immunreactivities were no differences in control (E) and diabetic group (F) but p-JNK immunoreactivities increased in diabetes group (H) than controls (G). Original magnification: x400.

Discussion
Diabetes mellitus affects almost all organs and systems with either micro-or macrovascular complications such as retinopathy, nephropathy, neuropathy, etc. 4 . The pathophysiology of these complications are well known but the effects of diabetes on the male reproductive system remains obscure.
Our study's body and testis weightfindings have been supported by several authors like Altay et al.
11
. Aybek et al. 4 suggested that the body weight of diabetic men increased and Cai et al. 3 suggested that testis weight did not show any change at one month of follow-up but decreased after six months of diabetes.
Our findings about MSTD are similar to other studies 11, 14 .
Histopathological Prause et al. 19 showed that JNK functions as antiapoptotic in palmitate and high glucose-induced β-cell death. They also concluded that ROS and endoplasmic reticulum stress are associated with higher expression of proapoptotic Bcl-2 proteins in palmitate and high glucose-induced oxidative stress. To sum up, they propose that JNK1 prevents palmitate and high glucose-induced β-cell apoptosis, expression of puma, and formation of ROS.
Ranawat and Bansal suggested that a reduction of endogenous GSH as a result of selenite treatment in testicular cells is correlated with decreased Bcl-2 expression, increased apoptosis, increased expression of p38 and JNK MAPK, and an increase in caspase-3 expression 16 . This is the first study that shows the level of JNK phosphorylation in diabetic male rats by immunohistochemistry.
In our study, we observed that levels of t-JNK and f-JNK were noticeably higher in the diabetic group than in the control group and the immunoreactivity of t-JNK was also higher in the diabetic group,though it was statistically insignificant (p=0.125; Table   2 ), while f-JNK immunoreactivity was significantly increased in diabetic subjects (p=0.002; Table 2 ).
The JNK interference in cytokine-induced β-cell death was used to help understand the differential biological functions of The damage to the germ epithelium and the loss of cells may be attributed to these alterations.
Our findings may be utilized in the treatment of the patients with infertility due to diabetes; however, further and more advanced detailed studies are needed.
Conclusion
The decrease of androgen levels accompanying diabetes may contribute to the decrease of immunoreactivities of t-ERK and p-ERK. JNK may be activated by modification of the levels of certain genes and proteins by various cytokines and chemokines such as TNF-α, IL-1β, and IL-6 that play roles in the regulation of diabetes, the process of oxidative stress, and apoptosis resulting in infertility.
